Background While it is known that some UK Armed Forces (UK AF) personnel and veterans experience physical and mental health problems, the possible future healthcare needs of military veterans are unknown.
Introduction
The UK Armed Forces (UK AF) have been involved in several enduring conflicts since 1991, including the 1991 Gulf War, Balkan, Iraq and Afghanistan conflicts. A number of UK AF personnel who have deployed develop physical and mental health conditions, such as symptoms of common mental disorders, including depression and anxiety [1, 2] . However, mental health disorders in the UK AF may also be due to other factors unrelated to trauma exposure on deployment [3] , and many disorders are unrelated to traumatic events at all. Physical health problems have also been reported by non-deployed troops due to training exercises, traffic accidents, recreational activities [4] as well as disease processes. Despite the evidence that, for some, military service can negatively impact well-being during service, the extent to which this persists into the post-service period and beyond remains unclear. Thus, we aimed to estimate how many AF personnel and veterans experience physical and/or psychological health problems associated with their military service.
Methods
This study focused on regulars and reservists (part-time military members) who served in the UK AF between April 1991 and October 2014.
Several sources were used to obtain data: Defence Statistics (DefStats), a department which provides annual statistics on military matters including personnel factors and health outcomes; the National Audit Office (NAO), which reports on volunteer reserve forces; and Ministry of Defence (MoD) departments which provide information on medical discharges, compensations and pensions. Freedom of Information (FOI) requests were submitted when there was missing data in the available reports (FOI 2015/01103; 2015/06422; 2014/03893) [5] .
To calculate an estimate of mental health disorder prevalence, the findings of several multiple observational studies were pooled. Studies were retained for analysis if they included: (i) a sample of UK AF which included follow-up phases which surveyed participants after they had left AF service, (ii) a validated assessment of mental health problems and (iii) researchers were provided access to primary data. Studies were excluded if a subpopulation of a larger study was used. Five studies [1, 2, [6] [7] [8] conducted at King's Centre for Military Health Research (KCMHR) were identified, providing comprehensive data on service member/veteran/reservist well-being, as well as having high levels of reliability and validity.
To calculate comorbid mental health and physical health problems, data from Forbes et al. [9] which collected information regarding attendances at emergency departments (Operational Emergency Department Attendance Register [OpEDAR]) in deployed military hospital sites in Iraq and Afghanistan were linked with data from 3896 UK AF personnel participating in the KCMHR cohort study phases 1 and 2 [1, 2] . This allowed the overlap of physical and mental health problems in regular veterans to be estimated. This data source was chosen because it provides the most complete records of hospital attendance by AF personnel, albeit in a deployed rather than home base context.
To interpret the study outcomes and to contextualize the information obtained from appropriate literature, our stated figures reflect two levels of certainty: (i) hardfloor figures are robust and can be confirmed. Figures reflect officially provided numbers, from which the lowest, or most certain numbers, were taken; or research studies where primary data were accessible. Hardfloor numbers can be characterized as 'at least'. (ii) Possible figures are tangible estimates of maximum likely numbers which come from approximations using officially provided figures and research data. Possible figures probably represent the top of the range and thus can be described as 'up to' amounts.
We pooled several multiple observational studies to calculate an estimate of disorder prevalence. Common mental health disorder caseness was determined using a cut off score of 4 on the General Health Questionnaire (GHQ [10] ), a cut off score of ≥50 on the PTSD Checklist-Civilian Version (PCL [11] ) and a score of ≥16 on the Alcohol Use Disorders Identification Test (AUDIT [12] ). Analyses were conducted using R version 3.0.1. Following the identification of suitable studies [1, 2, [6] [7] [8] , the total number of participants and the number of cases per group were exported to R. Using the 'metaprop' command and raw data, 24 meta-analyses were conducted, one per group (e.g. deployed/nondeployed regular, veteran, reservists) and per outcome (common mental health disorders, post-traumatic stress disorder [PTSD], alcohol use). A random-effects model was chosen a priori to reflect the diversity of the included studies. The I 2 was used to assess heterogeneity and interpreted as: 25% as 'low', 50% as 'moderate' and 75% as 'high' heterogeneity [13] . Full details of how each figure was calculated can be found in ref. [5] .
Results
The baseline number of personnel in 1991 and the inflow numbers for each subsequent year are shown in Calculations based on information received from FOI requests, a NAO report [14] and DefStats [15] suggest that 253 406 volunteer reserve personnel served between 1991 and 2014. The number of those reservists entering and leaving the AF is not formally recorded; however, DefStats report that 27 270 reservists were serving in 2014, indicating that 226 136 were veteran reservists [16] . Given the amalgamation of several data sources, this represents a possible figure.
The number of regular personnel deployed to operational areas between 1991 and 2014 was estimated using available primary data [1, [6] [7] [8] , FOI requests and National Archive documents (Table 2) [15] . Since these numbers did not take into account that service personnel might deploy on various operations, we corrected for double counts by estimating multiple deployment on the basis of primary data sources. It is estimated that a total of 235 187 regular service personnel undertook 285 570 deployments to operational areas (Afghanistan, Iraq, The Balkans and the Persian Gulf in 1991) [5] .
However, data for other deployments, such as Northern Ireland, Sierra Leone or Kosovo, for regular troops operating alongside other troops (e.g. Special Forces, submarines, etc.), were either unreliable or unknown. Therefore, the estimated number of deployed regular service personnel between 1991 and 2014 is a substantial underestimate and may not be representative of all who were deployed during this time. Therefore, this estimate represents a hardfloor figure.
The number of deployed reservists was estimated using the NAO report [14] of deployments between 1995 and 2005 and FOI request where data regarding reservist deployment between April 2007 and October 2014 were provided ( Table 3 ). As seen in Table 3 , data for Sierra Leone, Northern Ireland, etc. were available for this sample. Using these data, ~28 453 (e.g. 18 403 + 10 050) reservists have been deployed to Iraq, Northern Ireland, Sierra Leone, Afghanistan and/or the Balkans. Due to lack of data, estimates and corrections could not be generated for multiple deployments. Furthermore, while numbers from the NAO report consider volunteer reservists, the numbers we received in response to our FOI request considered all kinds of reservists. The total deployment figure for reservists must thus be interpreted with caution as it might contain multiple counts. It also does not include deployment figures for 2006 or prior to 1995; this could be substantial for the Persian Gulf in 1991.
According to the medical discharge statistics [17] [18] [19] , 36 506 regular service personnel were medically discharged between fiscal years 1991 and 2014, with an estimated 29 571 discharged due to a physical illness or injury attributable to service. Principal ICD-10 (International Classification of Diseases-Volume 10) [20] diagnostic code groups were only available from Def Stats for 2001 onwards and following a FOI request. Approximately 60% of medical discharges between 2001 and 2014 were for musculoskeletal injuries [18] . If it is assumed that the reasons for medical discharges did not vary substantially in the years from 1991 to 2014, it is probable that 21 903 of all medical discharges between 1991 and 2014 were for this reason (i.e. 36 506*0.6 = 21 903). Since an accurate number of reservist personnel is unknown, reliable estimates for medically discharged reservists cannot be generated.
Using the ICD-10 codes between 2001 and 2014 [18] , an estimated 13% of all medical discharges (total discharged n = 36 506 regular personnel) experienced mental and behavioural disorders. Assuming that the reasons for medical discharges did not substantially vary between 1991 and 2005, the total number of medical discharges in regular personnel due to a principal ICD code indicating mental and behavioural disorders is ~4745 (i.e. 36 506*0.13 = 4745; possible figure).
Meta-analytic methods were utilized to analyse the UK AF mental health primary data [1,2,6-8] (see Table 3 ). The results showed that 4% (95% confidence interval [CI] 0.02-0.05) of regular personnel met criteria for likely PTSD, 14% (95% CI 0.10-0.18) for likely alcohol use disorders and 20% (95% CI 0.14-0.26) for general health problems. Deployed ex-regular veterans were found to have a larger proportion of general mental health problems (32%, 95% CI 0.20-0.44) and PTSD (9%, 95% CI 0.03-0.14) compared with nondeployed ex-regular veterans. Similarly, higher rates of general mental health problems, PTSD and alcohol use disorders were found in deployed mobilized and veteran reservists compared with those who did not deploy. However, overlapping 95% CIs suggest the differences between deployed/non-deployed regular personnel, veteran and reservist groups were not significant. The only significant difference found was that a significantly smaller proportion of non-deployed mobilized reservists report general mental health disorders (15%, 95% CI 0.12-0.18) compared with non-deployed regulars (23%, 95% CI 0.19-0.28).
It should be noted that most of the meta-analyses yielded wide CIs, meaning that there is a degree of uncertainty about the true proportion of disorders. Moreover, nine of the 24 meta-analyses had I 2 of ≥75%, indicative of high heterogeneity. It is possible that this variation in the true effect sizes between studies reflects methodological (i.e. differences in study design) or statistical (i.e. variation between studies in the underlying effects being evaluated) differences [13] .
Forbes et al. [9] collated data relating to attendances at emergency departments in deployed military hospital sites in Iraq and Afghanistan (OpEDAR) which was linked with data from 3896 UK Army personnel who participated in the KCMHR cohort study phase 1 and phase 2 [1, 2] , allowing for the overlap of physical and mental health problems in regular veterans to be estimated. The OpEDAR records indicated that 23% of individuals were suffering from a primary mental health condition.
An estimate of the number of veterans thought to have mental and/or physical health problems was also calculated. Based on the number of veterans who received a disablement pension or a guaranteed income payment, it was determined that 6195 veterans (regulars and reserves) may experience a physical health problem. Using the estimated percentages of how many regular veterans might suffer from any mental health problems (10.2%, see Table 4 ) and how many regular veterans there might be (n = 601 175), it was estimated that at least 61 320 regular veterans might suffer from mental health problems (0.102*601 175 = 61 320). The combination of these two figures suggests that at least 67 515 veterans are likely to experience mental and/or physical health problems at some point (6195 + 61 320 = 67 515).
Discussion
We aimed to estimate how many AF personnel/veterans experience physical and/or psychological health problems associated with their military service. However, substantial gaps in the available data and the need to calculate highly provisional estimates often limited our ability to provide a single accurate answer. Our principle findings are outlined below.
Musculoskeletal problems were found to be the predominant reason for medical discharge. These findings are broadly consistent with previous studies of civilian first responders where musculoskeletal injuries are a leading health problem due to the physical demands of emergency response [21] . Presently, it is not possible to delineate the types of ongoing support that UK AF personnel/veterans with physical health conditions, such as musculoskeletal problems, require. The care needs of some individuals, especially those with significant injuries, may be complex, requiring long-term support. Nonetheless, as AF personnel are often fitter than the general population [22] , being discharged for knee or back problems, for example, may not necessarily mean that they would be unable to enjoy a successful civilian life if appropriate support was provided.
In terms of mental health, a moderate proportion of those participating in mental health and well-being studies reported experiencing psychological disorders or alcohol misuse. Compared with first responders, we found UK AF personnel to have somewhat higher rates of common mental health disorders and alcohol misuse [23] , although PTSD appears more prevalent in first responders [24] . Our results showed that previously deployed mobilized reservists and regular veterans were more likely to experience mental health problems than those Location  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2007-14   Balkans  437  1166  588  621  836  540  573  387  395  175  85  60  Afghanistan  6  313  252  66  47  8470  Sierra Leone  51  11  2  Op TELIC  8284  2370  1198  Northern Ireland  240  Iraq  1280  Sub-totals  437  1166  588  621  836  540  630  711  8931  2611  1332  10 050 Deployment data were extracted from NAO report [14] who have never deployed. However, no significant differences in mental health disorder prevalence were found between previously deployed versus never deployed AF personnel, consistent with previous research [25] . For reservists, no significant differences in mental health between previously deployed versus never deployed or serving versus veteran reservists were observed. This is inconsistent with previous studies [26] , which report a significant negative effect of previous deployment on reservist mental health. This disparity may reflect differences in methodological approaches and sample characteristics. As the UK AF may include a larger proportion of reservists compared with regular personnel in the future [27] , understanding the health and well-being of reservists is particularly necessary. Reservists can differ from regular service personnel in terms of demographic and social characteristics as well as types of deployment roles [28, 29] . This may potentially contribute to differences in health outcomes between regulars and reservists. However, estimates of health problems in reservists must be interpreted with caution as the calculation of the number of volunteer reservists relied on several assumptions and our lack of significant findings may also reflect the heterogeneity found in these analyses.
Taken together, our results indicate the health-related difficulties that personnel face are largely musculoskeletal and psychiatric. Specifically, our calculations suggest that at least 67 515 veterans are likely to suffer from mental and/or physical health problems at some point as a result of their service between 2001 and 2014. Whether these difficulties are solely related to military service, whether such problems are commoner than in the general population and how individuals cope with such health problems is beyond the scope of this study. What is clear, given the profile of UK AF medical discharges, is the need for ongoing healthcare for personnel with musculoskeletal injuries, common mental health disorders, PTSD and alcohol misuse, both during and beyond military service.
This study had several strengths and weaknesses. A considerable strength was the utilization of numerous methodologies and data sources. In doing so, we identified gaps in the literature, including uncertainty of the definitive number of serving reservists and the number of regulars and reservists who deployed between 1991 and 2014, as well as lack of published detailed data concerning the complexity of mental illness, self-limiting conditions and chronicity, etc. In terms of limitations: first, several of our estimates are based on informed but unverified assumptions which may lack accuracy. We have, therefore, highlighted the provisional nature of the calculations throughout. Second, with the exception of the OpEDAR data, mental health estimates were based on self-report questionnaires and analyses often had high levels of heterogeneity; therefore, these estimates may not reflect the true prevalence of such disorders. Lastly, the use of the OpEDAR dataset related to healthcare in the deployed environment as we could not secure data relating to healthcare in the firm base.
Regarding implications for future research, this study identified substantial limitations of the various data sources used to generate estimates of the health problems experienced by regular, veteran and reservist personnel. We suggest that a centrally co-ordinated data repository be established to ensure that robust estimates can be made of the likely, long-term, healthcare needs of service personnel both through the remainder of their service and after their transition to life as a civilian. Only with these data can society properly plan to meet the needs of those who serve in the AF. Moreover, while it was beyond the scope of this study to examine the proportion of those with unmet healthcare needs, some existing research suggests that ~50% of those with a perceived mental health problem do not receive definitive mental health care for a variety of reasons Stevelink et al., in preparation. Thus, our findings highlight the necessity of future investigations into the immediate and longer-term support provided for military-related physical and mental health conditions. Additional research is also needed to explore the level and effectiveness of military-related mental and physical health treatment and whether more effective treatments are necessary.
This study aimed to estimate the number of service personnel/veterans who may suffer physical and/or psychological health problems associated with military service. Several data sources and methodologies were utilized; however, some figures must be interpreted with caution as they may lack accuracy. This study confirms that the key problems faced by personnel are related to musculoskeletal injuries. Mental health difficulties were also experienced by substantial numbers of regular, veteran and reservist personnel. Additional research is needed to ensure that the healthcare provision for military-related physical and mental health problems is accessible and meets (ex-) service personnel's needs.
Key points
• The aim of this study was to estimate the number of military personnel, who served between 1991 and 2014, who may need health or welfare support in future.
• Musculoskeletal problems were the predominant reason for medical discharge from service. Previously deployed veteran reservists had the highest proportion of common mental health problems.
• The findings indicate that substantial numbers of current and future veterans may need physical and/or mental health care and support now or at some point in the future.
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